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Clinical Article 



Introducing a New Risk Factor for Lumbar Disc 
Herniation in Females : Vertical Angle 
of the Sacral Curvature 
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Objective : To characterize the importance of the vertical angle of the sacral curvature (VASC) in lumbar disc herniations. 

Methods : Morphological data derived from lumbar sagittal MRI imaging. The statistical significance of the findings are discussed. The angles of 60 

female patients with lumbar disc herniations (LDH) were compared with the 34 female patients without LDH. 

Results : 1 28 of the 1 85 patients met our inclusion criteria. The vertical angle of sacral curvature is statistically significantly bigger in females with 
lumbar disc herniations when compared to subjects in control group, 28.32 and 25.4, respectively. (p=0.034<0.05). Same difference was not 
seen in males. 

Conclusion : The vertical angle of sagittal sacral curvature may be another risk factor in females with lumbar disc herniations. 
Key Words : Risk factor ■ Lumbar disc herniation • Females ■ Vertical angle of the sacral curvature. 



INTRODUCTION 

Herniated lumbar disc is one of the most frequent medical 
problems 181 , and for decades, lumbar discectomy has been one 
of the most common surgical practices performed by neurosur- 
geons 22 '. Today, lumbar spinal fusion surgery has been com- 
monly performed for patients who present with chronic back 
pain with neurological symptoms 23 '. At present, neurosurgical 
practice is confronted by an explosion of technology 10,11 '. In the 
1990s, the advent of magnetic resonance imaging (MRI) and 
the progressive increase in definition of this modality of imag- 
ing have considerably contributed to the knowledge of the nat- 
ural evolution of a herniated lumbar disc. Axial loaded MRI 
can therefore give decisive information in dynamic spinal dis- 
orders by allowing simulation of an upright position 4 '. Residual 
and recurring post-operative symptoms are still quite common 
in lumbar spinal surgeries 12 '. The reasons some people have this 



persistent pain after surgery remain unclear, so the surgical 
treatment of ruptured lumbar inter-vertebral discs is sometimes 
discouraging to both surgeon and patient. It is important to 
demonstrate the neurological and radiological correlation while 
determining clinical status in cases with lumbar complaints 5 '. 
Any contribution to our knowledge of the cause of these opera- 
tive failures is always welcome. Since a purely experimental ap- 
proach cannot provide this information, retrospective studies 
are called for, and studies focusing on the accurate understand- 
ing of appropriate spinal parameters. The development of low 
back pain can be associated with certain alterations in the sagit- 
tal shape of the spine, some studies have analyzed spino-pelvic 
alignment in patients with lumbar degenerative disease 15,16,25 ', 
but the significance of the angle of the sacrum in the pathogen- 
esis of low back pain has also received scant attention. Sacral 
curvature (SC), represented by the angle between the first and 
the last sacral vertebrae, is a feature that differentiates the hu- 
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man pelvis from that of other animals. In some sacra, the sur- 
face of the sacrum can be nearly straight with a very slight cur- 
vature affecting the lower end. In the others, the curvature is 
throughout the entire length of the sacrum, especially toward 
the middle. Other sacra have a less marked curvature affecting 
only the lower third of the bone. It is unclear whether the de- 
grees of vertical angle of sacral curvature are the same for all 
adult patients with disc herniations. We hypothesized that the 
mechanics of load transfer in the spine and in the intervertebral 
disc in particular is an important factor in understanding the 
patterns and mechanics of disc pain. The vertical angle of sa- 
crum may have a pivotal role in etiology and post operative 
outcome of lumbar disc herniations. There is no publication 
quantitating human vertical angle of sacrum in lumbar disc 
herniations, so we analyzed this angle and and compared the 
results with patients without any lumbar disc disease. 

MATERIALS AND METHODS 

After informed consent, 185 patients who admitted to the 
Department of Neurosurgery of Rize Research and Education 
Hospital with low back pain between 2 April-10 July 2009 were 
analysed. To provide group homogenity, body mass index 
(BMI) was calculated All patients with BMI values less than 20 




Fig. 1 . The sacral curvature and its vertical angle in conventional X-ray. 




Fig. 2. VASC in sagittal MRI image. VASC : vertical angle of the sacral 
curvature, MRI : magnetic resonance imaging. 



or more than 40 was excluded from the study as well as patients 
younger than 20 and older than 50 years of age. The exclusion 
criteria were as follows : BMI value lesser than 20 or greater 
than 40, age younger than 20 and older than 50, previous sur- 
gery, associated lumbar spine stenosis, foraminal or extrafo- 
raminal disc herniations, spondylolisthesis. Of the 185 patients, 
128 were met the inclusion criteria. These patients were divided 
to two groups according to their sex. 

Data collection 

After giving informed consent,, radiographs were obtained. 
Ergiin et al. 7) analyzed differences in lumbosacral morphology 
associated with the tendency to develop intervertebral disc de- 
generation. Sacral curvature (SC), represented by the angle be- 
tween the first and the last sacral vertebrae, and the vertical an- 
gle of sacral curvature (VASC) was defined as the angle created 
between the intersection of a line running centrum of sacral cur- 
vature and a vertical line (Fig. 1, 2). From sagittal plan of lum- 
ber MRI, the vertical angle of sacral curvature. The normal ori- 
entation of lumbosacropelvic structure plays an important role 
in the determination of shear and compressive forces applied 
on the anterior (corpus vertebrae and intervertebral discs) and 
posterior (facet joints) elements of lumbar vertebral column 19 '. 
This finding led us to our interest in VASC values. No publica- 
tions in the literature were analyzed the relationship between in- 
tervertebral disc degeneration and the degree of VASC in fe- 
males. We measured it by geometrical construct. Patient files 
and radiological data were reviewed. Data on age and sex, VASC 
were recorded. To show the uniformity of groups, BMI was also 
evaluated. 

Statistical analysis 

Data were analyzed with the statistical software package SPSS 
for Windows (SPSS Inc., Chicago, IL, USA). The comparisons 
between parameters were performed using Wilkonson signed 
rank test. The level of significance was set at 0.05. 

RESULTS 

Female patients comprised 60 lumbar disc herniation cases 
(Disc Herniation Group, DHG); the mean age was of 38.3 years 
(range 22-50 years). The second group comprised 34 cases with- 
out any vertebral disease (Non-Disc Herniation Group), the mean 
age was of 35.02 years (range 21-50 years). The first group of 
males comprised 25 subjects with lumbar disc herniation, the 
mean age was of 39.42 years (range 21-50 years). The second 
group of male comprised 9 cases with free vertebral disease; the 
mean age was of 35.5 years (range 21-44 years). 

The mean vertical angle of sacral curvature can be seen from 
the table. Wilkonson signed rank test showed that the vertical 
angle of sacral curvature was statistically significantly bigger in 
female with lumbar disc herniations than the angles of control 
group, 28.32 and 25.4, respectively (p=0.034<0.05) . 
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DISCUSSION 

It is known that the human pelvis reaches its definite form at 
the age of 20-25 years. This fact is the starting point of our inves- 
tigation. Complete fusion of the sacrum has been reported to 
occur between years 25 and 33 of life and is related to the load- 
bearing aspects of this region. Pathogenesis of the sacral mor- 
pho-topography changes could be easily explained by negative 
effects on human erect position. The sacrum of homo sapiens is 
not positioned posteriorly at birth and that it is during the first 
few years that the sacrum, in humans, moves dorsally in relation 
with the progressive acquisition of erect posture and the ontoge- 
ny of bipedal locomotion. The evolution of bipedal posture and 
ambulation in humans has transformed the horizontal vertebral 
column of vertebrates into a load-bearing erect spine that is re- 
quired to efficiently transfer weight, provide stability and permit 
motion. Due to the erect position, the pelvic bone system is sub- 
jected to new static and dynamic relations, which play a very im- 
portant role in definite formation of this region 6,814 '. Through 
the spinal column, the body load is shifted to the base of the sa- 
crum and then, through the pelvic girdle to inferior extremities. 
The position of the sacrum relative to the vertical has been fre- 
quently mentioned but seldom measured. To express this verti- 
cality of the sacrum, Newman drew a line from the posterior 
superior iliac spine to the symphysis pubis. The angle between 
this and a vertical line was the sacral inclination. This is also 
known as "sacral tilt". This refers to the relationship of the sagit- 
tal plane of the sacrum to the vertical plane. VASC can be cor- 
related with sacral tilt. In this study, we did not use the sacral 
inclination (SI : value of the angle between the posterior side of 
the body of the first sacral vertebra and the vertical) and sacral 
slope (SS) parameter. Both parameters are different from VASC. 
We think that VASC degree is more sufficient in showing the 
vertical or horizontal sacrum. SS; SI are related to only first 
sacral vertebra. Orientation of SI and sacrum itself may not be 
same degree, because the intervertebral disc between the fifth 
lumbar and the first sacral vertebrae is subject to more trauma, 
both acute and chronic, than any other intervertebral disc. This 
is due to the facts that it carries a heavier load and this disc is 
found by X-ray to be destroyed more frequently than any other. 
Sacral biomechanics have an impact on the nerves exiting the 
spinal cord in the entire spine but particularly in the lower lum- 
bar spine and from the sacrum itself. Sacral curvature is as a 
characteristic of Homo sapiens as is erect posture 11 . Lumbar 
disc surgery is one of the most frequent 
procedures performed by spine sur- 
geons 22 '. Onset of lumbar disc in hu- 
man often is associated with bipedal 
ambulation. Theories propose that this 
transformation in the mechanics of lo- 
comotion is the inciting evolutionary 
event that made the lumbar spine sus- 
ceptible to degenerative disease. If the 



primary sources of disc pathology are these forces/stresses act- 
ing on the spine, why did the spine not evolve into a more rigid 
structure? What is the purpose of having a vertebral column ca- 
pable of torsion and compression, unless it is somehow linked 
to the demands of human gait? This study investigates the rela- 
tionship between lumbar disc herniation and the vertical angle 
of sacral curvature. This angle was found to be statistically sig- 
nificantly bigger in female with lumbar disc herniations when 
compared to subjects in control group, 28.32 and 25.4, respec- 
tively (p=0.034<0.05). We supposed that there are different fac- 
tors contributing to the formation of the vertical angle of sacral 
curvature. These factors include 1 ' the effect of erect posture, 
which tilts the upper part of the sacrum dorsally and the lower 
part of the sacrum ventrally 2 ', and the influence of supine pos- 
ture, which affects the development of the lower part of the sa- 
crum. In addition to supine posture the levator ani, which is well 
developed in Homo sapiens, also affects the lower part of the sa- 
crum and coccyx and influences its ventral orientation. Varia- 
tions of the VASC can be result from differences in onset and 
frequency of supine posture. 

This is the first time that vertical angle of sacral curvature has 
been shown to play a role in female with lumbar disc herniation. 
The purpose of this study is to determine the reliability and va- 
lidity of a goniometric measurement of the vertical angle of sa- 
crum, found statistically significant difference in female with 
lumbar disc herniation and without intervertebral disc disease. 
If indeed one is the first to report something and that some- 
thing is of value. We assumed that that this finding result in a 
higher gravitational compressive force which may, in turn, lead 
to progressive degeneration of the discs in female high VASC 
degree. Men in their fourth to fifth decade appear to be the most 
prone to disc herniation with subsequent cauda equina and co- 
nus medullaris syndromes 17,24 '. Because of insufficient number 
of males in this study, their angle was not analyzed. Our study 
was performed in the eastern Black Sea Region of Turkey, and 
in this area women are exposed to more environmental and life 
issues than men. This is the reason the high number of female 
in this study. It was shown , that the VASC degree of females 
with lumbar disc herniations (LDH) is statistically significantly 
bigger than from the females without LDH. "More vertical sa- 
crum" means increased the VASC degree. This study is the first 
time this has been documented. The increased VASC in female 
found in the disc herniation group suggest that the spatial ori- 
entation of the sacrum is more vertical than in the normal 



Table 1. Shows the means mean vertical angle of both groups 





Number 


Bulging 


Protrusion 


Extrude 


Mean age 


MeanVASC 


Female with LDH 


60 


19 


33 


8 


38,3 


28,32 


Female without LDH 


34 








35,02 


25,4 


Male with LDH 


25 


10 


12 


3 


39,4 


24,44 


Male without LDH1 


9 








35,5 


24,6 


Total 


128 


29 


45 


11 







VASC : vertical angle of the sacral curvature, LDH : lumbar disc herniation 
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group. Even if it is difficult to determine the part of structural 
loss of lordosis and the postural part, we observed that in- 
creased VASC induces LDH in female, probably with anterior 
displacement of C7 plumbline and center of gravity, resulting in 
an increased flexion moment applied to the spine, here, in- 
creased VASC may be predisposed LDH in female. This sagit- 
tal unbalance is partially corrected by the pelvis back tilt. The 
gravity line of the body passes through many vertebrae and 
"leaves" the spine at the sacral promontory. 

We conducted this study with sacrum, because the sagittal 
sacral morphology is a constant anatomic variable specific to 
each individual and unaffected by the position of the patient in 
space and, found VASC was increased in female with LDH. 

Discectomy is often used in the treatment of prolapsed inter- 
vertebral disc to relieve the associated leg pain. Surgical treat- 
ment of symptomatic lumbar disc herniations has been well es- 
tablished. But conservative treatment should be considered 
when cauda equina syndrome or progressive motor weakness 
are absent in the acute stage of the lumbar herniated disc 21 '. Al- 
though lumbar disc surgery is known to be able to relieve pain 
we have to make sure it improves the quality of life 3,9) . The out- 
comes reported after both traditional techniques and microsur- 
gery for lumbar disc herniation have generally been shown to be 
equal 13,17 '. However, between 10% and 40% of patients do not 
have a satisfactory outcome 13 ', and many in whom surgery is 
deemed successful continue to have some degree of low back 
pain. The reasons some people have persistent pain after surgery 
remain unclear, so the surgical treatment of ruptured lumbar 
intervertebral discs is sometimes discouraging to both surgeon 
and patient, because the operation fails to relieve the symptoms 
of back pain and/or sciatica, and the treatment of discogenic 
pain is always problematic for spine surgeons. There is an inces- 
sant search for the causes and the action mechanisms of opera- 
tive failures of the lumbar disc herniation. Any contribution to 
our knowledge of the cause of these operative failures is always 
welcome. Increased VASC in females may also be one of the 
reasons of unsatisfactory outcome after discectomy. Some au- 
thors also report that the female gender is a risk factor for failed 
back surgery 2,201 . This may be associated with the increased 
VASC degrees of female gender. We copiously stress the fact that 
we are the first ones to report that such an increased VASC de- 
grees in females with LDH. The recognition of this fact is of im- 
portance because it has to do with degenerative changes in the 
spine. If indeed one is the first to report something and that 
something is of value. More data is needed on this subject. 

Why preferred sagittal MRI image to measure sacral 
curvature rate and vertical angle? 

A question can be asked for this subject. There are two rea- 
sons; 1-We measured the angle of sacral curvature. This angle 
will not be changed in sagittal MRI image or direct convention- 
al radiographic X-rays (Fig. 1, 2). In the beginning of study, we 
measured the VAS both in MRI images and direct conventional 



lumbo-sacral lateral X-rays, and noted the VAS degree is correlat- 
ed with each other. It was bigger in conventional X-rays than 
MRI. In lying down, or standing X-Rays, we found it was two 
times greater degree than sagittal MR images. We wanted to omit 
to give patient unnecessary radiation to by conventional X-Ray, 
used MRI images. The problem, here, may be important with 
regard with the VASC which is calculated on MRI imaging in 
prone position and then referenced with a vertical line. This ref- 
erence line may not correspond with the standing position. This 
should not be problem, because sacral curve is the undistorted 
part of the spinal curves. Regarding the second line which is the 
radius of the sacrum, it is positioning the centre of the sacral 
curvature. This curvature is assimilated to a circle. 

CONCLUSION 

The sacral bone is an integral a part of the pelvis and consti- 
tutes the undistorted part of the spinal curves. We think that the 
development of the vertical angle of sacral curvature is related to 
the progressive acquisition of erect posture and the ontogeny of 
bipedal locomotion. As lumbosacral angle, this angle is almost 
nil in the nonprimate mammals, who only infrequently stand 
erect. Organization of sagittal curves during growth can be fol- 
lowed up by looking at the sacrum and its vertical angle. VASC 
may be parameter showing sacrum orientation, its vertical or 
horizontal position. This study suggested the impact of the sagit- 
tal sacral profile in pathogenesis of LDH in female. In this situa- 
tion the compressive force component of gravity increases and 
these greater compressive forces accelerate the degeneration of 
the disc. This increase of the compressive forces is probably one 
of the many pathognomic conditions that lead to herniation. 
Therefore, this pathology generally occurs after 20-25 years of 
age and rarely earlier in life. We suggest that the sacrum and also 
spine supported by the legs are balanced in the sagittal plane. 
The vertical angle of sacral curvature in female with LDH is big- 
ger than the angle of female without LDH. The greater VASC or, 
anteriorly shifted the gravity line with increased VASC in fe- 
males may be a risk factor for LDH. We think that increased 
VASC may have a direct influence on the development of lum- 
bar disc herniation in females, but a thorough knowledge of the 
vertical angle of sacral curvature are needed to aid in under- 
standing the mechanisms that lead to lumbar disc herniations 
in female and to provide rationale of management. Further 
study is needed in this subject. 
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